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Background

 Muon collider can lead Fermilab back to
the energy frontier beyond LHC

« Key component of the muon collider Is
lonization cooling channel

* Toughest technical challenge: How to
operate RF cavity in the presence of
strong magnetic fields

A. Tollestrup’s previous AEM talk



RF Cavities for Cooling Channel
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RF Cavities for Cooling Channel

Absorber  NCRF cavity Absorber + NCRF cavity
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What Happens with Beam ?

Evacuated cavity High pressure cavity

Induced voltage V.=V, (H+V,(1) Additional shunt resistance
from beam current Matched generator =V () + V(1) / from beam-induced electrons
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Beam Loading Theory 1/2

Step 1. Beam-impact ionization + lonization by secondary e":

p+ H,>p+H,y"+e e+ H, > H," +2e

An,  p(dE/dx)As 1

e

~ X
1 proton W, (x35eV) (ar°As)

~1000/cm?

Step 2: Most electrons (>90%) are quickly thermalized inside
the cavity by elastic and inelastic collisions, and drift with RF
until annihilated by recombination or attachment:

dn
= =S + K e—,b’r(Te)neZ—ka(Te,Tg)ngne —% T.(E/p) ~ const.
dt / A
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Beam Loading Theory 2/2

Step 3. Response of plasma electrons to the RF field is
described by complex conductivity:

v ~2x10" p[psia]
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Step 4. Equivalent circuit model:

V. =V +V,
2
d—2+a)o 1AL rai W, =22 Ve _ @, | RO,
dt Q, Q. dt 2
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Additional damping term by Additional driving term

beam-induced electrons by beam itself



1.2

Expected Results

1.0

0.8 |-

0.6 |-

0.4

0.2 |

Amplitude of pickup signal (Arb.)

0.0

Beam on l

Beam off

Different beam intensity

—10°
—10°
—— 10’
—10°

protons/bunch
protons/bunch
protons/bunch
protons/bunch

RF on T

-10

5 10 15 20 2

Time (us)

5 30 35

1. Rapid decay of pickup
signal according to the
jonization rate

2. Saturation level and
recovery rate determined
by the recombination rate

> Gray line: normal signal
without beam

40 45 50

T RF off



Amplitude of pickup signal (Arb.)

1.2

What Is the Solution ?
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Beam Test

Beam test of the high pressure RF cavity will be a critical step for muon accelerator
R&D program (MAP)

Thanks to the collective work among APC/AD/TD, we’re almost ready (Fall 2010) to
do the beam test !
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